**To the Editor:** Marr and Calisher suggest the cause of Alexander the Great\'s death in Babylon in 323 B.C. was West Nile encephalitis ([@R-1-1]). They were intrigued by the fact that as Alexander entered Babylon, ravens fell dead from the sky. The authors postulated the ravens might have had West Nile encephalitis, and because of the endemicity of mosquitoes in ancient Babylon, Alexander could have died of West Nile encephalitis. The authors are to be complimented on coming up with a novel explanation for his death, but this explanation has several problems ([@R-1-2],[@R-1-3]).

Determining the exact cause of Alexander\'s death is impossible. Classical scholars are hampered by difficulties with translations from ancient Greek texts as well as differences in terms used by Plutarch in his description of Alexander\'s demise. We are left with a description that is incomplete, but nevertheless contains cardinal features of his terminal illness ([@R-1-4]--[@R-1-6]). In infectious disease practice, a syndromic diagnosis is the basis of the clinical approach. Astute infectious disease clinicians must discern between consistent and characteristic features in syndromic diagnosis. In addition to characteristic clinical features, syndromic diagnosis also depends on time relationships of clinical features. That splenomegaly is a feature of Epstein-Barr virus infectious mononucleosis is important, but equally as important is the late rather than early appearance of splenomegaly in the illness. A laundry list of features associated with various infectious diseases tells only part of the story and is diagnostically unhelpful unless placed in the proper time sequence.

In the authors\' table, the clinical symptoms associated with Alexander\'s final days are listed ([@R-1-1]). In my review of translations of ancient sources, chills are never mentioned as accompanying Alexander\'s slowly rising fever. After a steadily increasing fever, Alexander first became weak, then lethargic, and finally died after a 2-week febrile illness. These features and time course are inconsistent with various explanations that have been given for Alexander\'s death, i.e., influenza, poliomyelitis, alcoholic liver disease, malaria, schistosomiasis, leptospirosis, and poisoning ([@R-1-6]--[@R-1-8]).

The death of Alexander was certainly caused by an infectious disease and not poisoning or alcoholic liver disease. Although Alexander had an appetite for alcohol, his terminal illness is inconsistent with liver failure attributable to alcoholic cirrhosis or delirium tremens. Poisoning, which has been postulated by some, is not a reasonable diagnostic possibility either, since toxins or poisons are not accompanied by fever. Therefore, we are left with an infectious disease that was endemic in ancient Babylon and was fatal after approximately 2 weeks. The infectious disease that resulted in Alexander\'s demise was characterized by a slow but relentless increase in temperature during 2 weeks, unaccompanied by chills or drenching sweats. While remaining mentally alert, he drifted into an apathetic state, according to Alexander\'s Royal Diaries. Details of his death do not provide additional details other than he was febrile, weak, and gradually became lethargic, lapsed into coma, and died. Are the features of his illness and temporal sequence of events characteristic of West Nile encephalitis ([@R-1-9])?

West Nile encephalitis is a mosquito-borne infectious disease that may have been endemic in ancient Babylon. Ravens could have had West Nile encephalitis, and if West Nile encephalitis was present at the time, certainly it was transmitted to animals as well as humans. No one would argue with the possibility of West Nile encephalitis in the ancient Middle East; however, proving that West Nile encephalitis explains Alexander\'s death is more difficult. West Nile encephalitis begins acutely, with initial signs and symptoms of mental confusion and muscle weakness. Fevers are not usually the most conspicuous feature of West Nile encephalitis, and in most cases the fever does not usually increase or last more than a 2-week period. Other forms of viral encephalitis, including West Nile encephalitis, all begin with an abrupt change in mental status, e.g., encephalitis, at the outset of the illness. The patient\'s mental status may change over time, but encephalitic symptoms are present initially. This symptom is a characteristic feature of viral encephalitis, whether it is due to West Nile encephalitis or western equine encephalitis, Venezuelan equine encephalitis, St. Louis encephalitis, or Japanese encephalitis. Even non--arthropod-borne causes of viral encephalitis, e.g., herpes simplex virus I encephalitis, occurs with encephalitis as an initial, not terminal feature.

Alexander\'s final illness is more characteristic of typhoid fever than West Nile encephalitis. On Alexander\'s return to Babylon, he was confronted by many portents and omens and correctly assumed that they were a forewarning of his death. Not only were ravens falling from the sky, but the birds that were sacrificed to foretell the future were devoid of a liver lobe, which was thought by the ancients to be an ominous sign. A docile animal in the royal menagerie, in a violent outburst, kicked the royal lion to death. A mysterious person entered the royal chamber and sat on Alexander\'s throne bypassing the household guards. He claimed that he was divinely sent. West Nile encephalitis could explain these unusual phenomena.

However, the time course and characteristic clinical features of West Nile encephalitis are inconsistent with the cause of Alexander the Great\'s death ([@R-1-10]). On the basis of characteristic features and time course of the illness, typhoid fever is the most likely explanation for Alexander the Great\'s death. The ravens in this case were the red herrings.

*Suggested citation for this article:* Cunha BA. Alexander the Great and West Nile Virus Encephalitis \[letter\]. Emerg Infect Dis \[serial on the Internet\]. 2004 Jul \[*date cited*\]. <http://dx.doi.org/10.3201/eid1007.040039>

**To the Editor:** We wish to commend Marr and Calisher for their brilliant presentation of the West Nile virus (WNV) hypothesis to explain the death of Alexander the Great ([@R-2-1]). Having recently proposed typhoid fever as the cause of Alexander\'s demise ([@R-2-2]), we read their paper with particular interest. While we could argue the finer points of the WNV and typhoid hypotheses in explaining limited available clinical data, or perhaps debate the capacity of encephalitic ravens to perform the aerial acrobatics described by Plutarch, many of these considerations were thoughtfully anticipated by the authors. Instead, we have taken the opportunity to \"Brush Up Our Plutarch.\" Reading widely through his essays, we have come to fear that Marr and Calisher, perhaps unaware of the magnitude of Plutarch\'s obsession with avian augeries, have been led down a feathered path. In story, after story, after story, birds portend.

Our source material was the Dryden translation, Volumes I and II, of Plutarch\'s Lives ([@R-2-3]). We were immediately struck by the opening paragraph of his essay on Alexander, where he writes, \"my design is not to write histories,\" and \"I must be allowed to give my more particular attention to the marks and indications of the souls of men\" ([@R-2-4]). And so, the great writer served notice; particular details, especially where the material might lend insight into a man\'s character, were subject to a creative process that he himself could not describe as \"history.\"

When approaching the time of Caesar\'s assassination, Plutarch wrote, \"...many strange prodigies and apparitions are said to have been observed shortly before this event... the wild birds which perched in the forum\" ([@R-2-5]). As Cicero fled Antony\'s death sentence, Plutarch wrote, \"...a flight of crows rose with a great noise, and made towards Cicero\'s vessel, as it rowed to land, and lighting on both sides of the yard, some croaked, others pecked the ends of the ropes\" ([@R-2-6]). On the founding of Rome, he wrote, \"\...concluding at last to decide the contest by a divination from a flight of birds... Remus, they say, saw six vultures, and Romulus double that number... Hence it is that the Romans, in their divinations from birds, chiefly regard the vulture\" ([@R-2-7]). (For Remus, who died shortly thereafter, this appears to have been a less propitious sighting.)

When writing on the lost grave of Theseus, Plutarch wrote, \"...he, by chance, spied an eagle upon a rising ground pecking with her beak and tearing up the earth with her talons\" ([@R-2-8]).

On the defeat of the Persian armada at Salamis, he wrote, \"\...an owl was seen flying to the right hand of the fleet, which came and sat upon the top of the mast\" ([@R-2-9]). These examples, to which we could add others, should suffice to make our point.

Yet, we do not seek to diminish the contribution of Marr and Calisher. Plutarch, renown for his expositions on notable men, sought in doing so to identify elements of greatness. In this vein, we note the qualities that these three fine writers share. Truly, all are erudite. All share a remarkable awareness of the importance of birds. For this, both as physicians and as birders, we applaud them. In this age of emerging infections, including WNV and avian influenza viruses, we ignore bird health at our peril. We thank the doctors for this reminder and have increased our vigilance. We recommend, however, a grain of salt with Plutarch.

*Suggested citation for this article*: Oldach D, Benitez RM, Mackowiak PA. Alexander the Great and West Nile virus encephalitis \[letter\]. Emerg Infect Dis \[serial on the Internet\]. 2004 Jul \[*date cited*\]. <http://dx.doi.org/10.3201/eid1007.040104>

**To the Editor:** The article by Marr and Calisher ([@R-3-1]) concerning the causes of the death of Alexander the Great triggered our curiosity about the possibility of supporting this hypothesis by determining the evolutionary time of West Nile virus (WNV). WNV is a member of the *Culex*-transmitted clade of flavivirus (which also includes Japanese encephalitis virus, St. Louis encephalitis virus, and Murray Valley encephalitis virus) whose reservoir is birds ([@R-3-1]). Like most of the RNA viruses, flaviviruses are characterized by a high degree of genomic variability ([@R-3-2],[@R-3-3]). Strains of WNV currently are divided into two distinct lineages on a molecular basis: one with a worldwide distribution and the other, which includes the prototypic strain isolated in Uganda in 1937 that is only found in sub-Saharan Africa and Madagascar.

To estimate the time of divergence among the different WNV strains, we conducted a phylogenetic analysis of a number of WNV sequences available in GenBank using a maximum likelihood (ML) method that makes it possible to estimate the branch lengths of a phylogeny with dated isolates under the SRDT (single rate dated tip) model ([@R-3-4]). In particular, we retrieved sequences included in the envelope (E) gene of 38 WNV isolates: 18 lineage 1 strains representative of all of the proposed type 1 subtypes, including one Kunjin virus isolate ([@R-3-5]), and 20 lineage 2 strains, including the original 1937 isolate from Uganda ([@R-3-6],[@R-3-7]). The date of isolation was available for all of the viruses for which sequences where considered.

The 227-bp sequences were aligned with ClustalW (Thompson 1994), and distance-based unweighted pair group method with arithmatic mean (UPGMA) and ML methods were used to make the analysis. The distance matrix and the ML trees were obtained using the PAUP\* program (version 4.0b10, Swafford 2001). The Kimura's two-parameters model of nucleotide substitution was used with γ-distributed rates. The substitution model, α shape, Ti/Tv ratio and base frequencies were estimated using Modeltest version 3.06 ([@R-3-8]). The trees were obtained by means of a DR heuristic search and were rooted by using Japanese encephalitis virus as the outgroup. The trees were used to estimate branch lengths in accordance with the single rate dated tips (SRDT) model using the Tipdate program implemented in PAML version 3.13 ([@R-3-9]). A likelihood ratio test (LRT) was used to examine the fit of each model to the data. The high mean divergence between the two lineages (0.891 \[SE 0.294\] substitutions/site) was a good reason for analyzing them separately. The mean distance between the lineage 2 strains was 8.3 times shorter than that between the lineage 1 strains (0.018 \[SE 0.05\] sub/site vs. 0.154 \[SE 0.036\] sub/site). Analysis of the goodness-of-fit of the models showed that the likelihood of the SRDT and DR models was similar for lineage 2 (2 Δ lnL 26.04, degrees of freedom-df: 17-p \> 0.05 LRT), whereas DR was significantly better than SRDT for lineage 1 (2 Δ lnL = 47.08, df = 15-p \< 0.001 LRT).

The substitution rates estimated with the SRDT model were very similar in the two lineages (1.25 x 10^--4^ \[±7.07 x 10^--6^\] in lineage 1, and 1.20 x 10^--4^ \[±7.03 x 10^--5^\] in lineage 2). On the basis of these substitution rates, the most recent common ancestor (MRCA) for lineage 1 can be dated back 1,159 years ago (95% confidence interval \[CI\] 1,043--1,274, i.e., between 729 and 961 AD) and the MRCA for lineage 2 back to 208 years ago (95% CI 105--311; i.e., between 1,693 and 1,899 AD) ([Figure](#F-3-1){ref-type="fig"}).

![Maximum likelihood (ML) phylogenies constructed under SRDT model for lineages 1 and 2 of West Nile virus. Horizontal branch lengths are proportional to time.](04-0396-F){#F-3-1}

Our calculated substitution rates are very close to those reported for other RNA viruses, including some flaviviruses. A phylogenetic study of the entire E gene of various flaviviruses ([@R-3-3]) estimated a rate of 7.5 x 10^--5^ nonsynonymous nucleotide substitutions/site/year, and the divergence times estimated on this basis showed that the *Flavivirus* genus is relatively young (\<10,000 years). As suggested by the phylogenetic trees, the divergence of the three groups of *Flavivirus* (mosquito-borne, tick-borne, and no known vector viruses) is the earliest event in their evolution and dates back to no more than 5,000 years ago ([@R-3-2]), and the divergence of the *Culex*-transmitted group (including WNV) and *Aedes*-transmitted flaviviruses (including dengue and yellow fever viruses) has been placed at approximately 3,200 years ago ([@R-3-3]).

One possible limitation of our study is the fact that the goodness-of-fit of the DR model is better than that of the SRDT model for lineage 1. However, on the basis of the results of a simulation study, the estimated substitution rates should still be reliable indicators of the average rate of evolution and can be used to infer the divergence times correctly also in this case ([@R-3-10]).

In conclusion, our divergence time estimate suggests that WNV is a relatively young virus and reduces the probability of incidental infections of humans before 1,000 years ago. Encephalitis itself became a frequent complication of WNV fever in 1996 ([@R-3-11]), which suggests the recent appearance of more pathogenic viral strains. Although the present spread of WNV lineage 1 may be compatible with its presence in the geographic area of ancient Babylon, the molecular dating of its origin acquits it of any responsibility for Alexander's death.

*Suggested citation for this article*: Galli M, Bernini F, Zehender G. Alexander the Great and West Nile virus encephalitis \[letter\]. Emerg Infect Dis \[serial on the Internet\]. 2004 July \[*date cited*\]. <http://dx.doi.org/10.3201/eid1007.040396>

**In reply:** The response by Oldach et al. is wonderfully whimsical (a word that was unfortunately deleted from our manuscript by the EID reviewers). We do not think a witty response is indicated and cannot think of one anyway. We note, however, that both our paper ([@R-4-1]) and the Oldach et al. response are examples of the serendipitous pleasures that can be brought to the literature by classical citations, and that all orthodox medical theories on historical causations should be periodically reexamined. Because we are the type who do not mind crawling around in dirty places, we consider computer-based epidemiology for the birds and are willing to eat *Corvus brachyrhynchos*.

We also thank Cunha for his exhaustive differential diagnosis. We felt we had to address all previously cited diagnoses as well as those not posited in the literature, even though, like Cunha, we did not think most of them were likely causes. We concur that most plant toxins do not induce fever, but some do contain anticholinergic alkaloids that may interfere with perspiration and elevate body temperature. (A most enjoyable recent book discusses a variety of poisons and their widespread use by the Greeks, Romans and Scythians \[[@R-4-2]\]. The book illuminates the widespread use of poisons not only on persons but also as weapons in battle and sieges.) Since thermometers were not available at that time, it remains impossible to document this critical vital sign, but since poisoning was specifically mentioned by Plutarch, we felt we could not ignore this possibility. Who are we to ignore Plutarch?

We also agree that typhoid fever remains high on the list of probable causes, as Oldach eloquently argued 5 years ago ([@R-4-3]). Although individual cases of this disease usually occur in a camp setting, one would expect reports of other similar cases (the same for malaria), which was apparently not the case. A singular case of West Nile encephalitis, however, is the rule, not the exception.

Cunha stresses the importance of \"acute infectious diseases clinicians\" arriving at a procrustean diagnosis. In our diagnosis, we chose to emphasize previously overlooked environmental and public health considerations, such as climatic conditions and the deaths of ravens. As stated earlier, we also had an ulterior motive in our writing: to continue the legacy of others in heuristic discussions of the classics ([@R-4-4]). In that sense, we have achieved our goal. Cunha considers the diagnosis of West Nile encephalitis as a \"red herring.\" We point out that *Clupeus harengus* was quite bountiful in ancient times ([@R-4-5]), and at least some must have been erythematous.

As for the marvelous letter from Galli, Bernini, and Zehender, which minimizes Plutarch\'s assertions, we can only say that perspective is everything. That these investigators have gone to such lengths to investigate our \"best guess\" is reward enough for us. We attempted to show retrospectively, as all diagnoses must be done for dead patients, that to come to an Occamic conclusion, one should at least have a look beyond the obvious. Given the multitude of letters and messages we have received since the publication of our article, and given all the interviews we have given to newspapers, magazines, and other media, which always prefer a \"hot\" topic to an important one, we have been successful in promoting intellectual debate. We would be delighted to be proven right or wrong in our thesis, but we are not convinced that Galli et al. are correct in their estimation that West Nile virus did not exist at the time of the death of Alexander the Great. Various phylogenetic studies of flaviviruses ([@R-4-6]--[@R-4-8]) have discussed the time period when flaviviruses have emerged or diverged, with estimates based on nucleotide substitution rates. However, most groups seem to be retreating from their former definitive positions on this subject because of various technical discrepancies originating from assumptions made regarding the sequence dating methods themselves. Some investigators believe that such dating methods are unreliable for all but the most recent divergence events. At the very least, these methods remain controversial, as does the cause of death of Alexander the Great, who is, after all these years, still causing trouble.
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